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ABSTRACT 

PURPOSE: To obtain a beam homogenizer which is capable of easily changing 
the aspect ratio of a laser spot by providing the homogenizer with paired 
mirrors which have reflection surfaces facing each other, receive a 
condensed luminous flux at one end and emit the luminous flux from the 
other end. 

CONSTITUTION: The laser beam emitted from a laser osci 1 1 ator is made 
incident on condenser lens 1, 2 and is condensed toward one end of the 
paired mirrors 3, 4. The incident beams on the paired mirrors 3, 4 progress 
while the reflection by the reflection surface disposed to face each other 
is repeated many times. The reflected beams are emitted from the other ends 
of the paired mirrors 3, 4. The emitted beams are imaged by imaging means 
5, 6 onto a work, by which a laser spot made uniform in the light intensity 
distribution is formed. The profile of the laser spot is deformed by 
changing the distance between the reflection surfaces constituting the 
paired mirrors 3, 4. Since the paired mirrors 3, 4 are provided with mirror 
driving systems 7, 8 for adjusting the distance between the reflection 
surfaces, the spacing between the reflection surfaces is changed by using 
these systems. 
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(54) [Title of the Invention] 

BEAM HOMOGENIZER AND LASER PROCESSING DEVICE 

(57) [Abstract] 
[Purpose] 

The purpose of the present invention is to provide a beam homogenizer that is 
enable to form a rectangular laser spot having an arbitral aspect ratio without 
comprising a rolled structure unlike a kaleidoscope. 
[Constitution] 
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A bean homogenizer of the present invention comprising: a first driving 
system 7 and a second driving system 8 corresponding to a first mirror pair 3 and a 
second mirror pair 4 whose reflective surfaces are faced each other, wherein lenses 1 
and 2 as fight condensing means and lenses 5 and 6 as image-formation means that 
are composed of cylindrical lenses corresponding to the respective mirror pairs are 
aligned on an optical axis. 
[Scope of Claim] 

[Claim 1] A beam homogenizer comprising: a light condensing means receiving 
and condensing a laser beam emitted from a laser oscillator; a mirror pair whose 
reflective surfaces are faced each other, receiving a light flux converged by the light 
condensing means at one end and irradiating the light flux from an another end; an 
image-formation means receiving and converging the light flux emitted from the 
mirror pair; and a mirror driving system adjusting the distance between the 
reflective surfaces of the mirror pair. 

[Claim 2] A hybrid beam homogenizer, wherein a plurality of beam 
homogenizers according to claim 1 is incorporated on the same optical path. 

[Claim 3] A beam homogenizer comprising: a first light condensing means 
receiving a laser beam emitted from a laser oscillator and converging the laser beam 
in a first direction; a second light condensing means receiving the laser beam and 
converging in a second direction perpendicular to the first direction; a first mirror 
pair whose reflective surfaces that receive the laser beam converged by the first ling 
condensing means are faced each other; a second mirror pair whose reflective 
surfaces receiving the laser beam condensed by the second light condensing means 
are faced each other; a first image-formation means receiving light emitted from the 
first mirror pair and focusing an image; a second image -formation means receiving 
light emitted from the second mirror pair and focusing an image; and a mirror driving 
system adjusting the distance between the reflective surfaces of the first and second 
mirror pairs, wherein the first and second light condensing means, the first and 
second mirror pairs, and first and second image-formation means are aligned on the 
same optical path. 
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[Claim 4] A laser processing device provided with the beam homogenizer 
according to any one of claim 1 through claim 3. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Industrial Application] 

The present invention relates to a beam homogenizer that makes an optical 
intensity distribution in the cross-section perpendicular to the traveling direction of a 
light flux uniform, and a laser processing device equipped with it. 
[0002] 
[Prior Art] 

A laser processing device is suitable for automation and easy to be maintained 
as compared with the conventional processing machine, therefore it is applied and 
used to various uses such as cutting, measuring, thermal processing and printing. 
Concerning the laser processing device, when a workpiece is irradiated with a laser 
beam emitted from a laser oscillator, the optical intensity distribution in the 
irradiated portion is not always uniform. Accordingly, in the case where crystalline 
silicon etc. is annealed by a laser beam, for example, it is necessary to implement the 
measures to make the optical intensity distribution in the laser spot which is formed 
on the workpiece by irradiating the laser beam uniform. As a means for 
uniformizing the optical intensity distribution, there is a case where a beam 
homogenizer composed by combining an incident lens or an image-formation lens 
with a kaleidoscope that is a hollow and prismatic optical component which is 
composed of reflective members made from a reflective film and the like having a 
uniform interior surface. 

[0003] 

The configuration of a conventional beam homogenizer will be described with 
reference to the drawings. A beam homogenizer as shown in Fig. 2 consists of an 
incident lens 10, a kaleidoscope 11, and an image-formation lens 12. A laser beam 
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emitted from a laser oscillator is radiated to the incident lens. A light flux in which 
light is converged by the incident lens is radiated to the one end of the kaleidoscope. 
The incident light flux travels repeatedly reflecting many times within the 
kaleidoscope and is emitted from the opposite end. The optical intensity distribution 
of the emitted light flux at this time is uniformized. By imaging the light flux on the 
workpiece at the arbitral magnification by means of an image-formation lens, the 
optical intensity distribution in the laser spot that is formed on the workpiece is 
equalized, and therefore it is possible to conduct a high-quality processing. The 
shape of the laser spot that is imaged on the workpiece is determined depending on 
the shape of aperture from which the light flux of the kaleidoscope is irradiated. 

[0004] 

[Problem to be Solved by the Invention] 

However, problems described below are caused by using the conventional 
beam homogenizer comprising above-described configuration. A kaleidoscope is a 
tubed optical component and a uniform reflective film is formed in the interior of the 
tubed optical component. Since the incident light emitted in the kaleidoscope 
travels while being repeatedly reflected by the reflective film, the optical intensity is 
equalized. Therefore, the quality of the reflective film greatly affects to the quality 
of the kaleidoscope. However, it is very difficult to form a tube by some kind of 
components and subsequently to form a uniform reflective film in the interior of the 
tube by means of the commonly used technical level now. 
[0005] 

Moreover, the form and size of the light flux passing through the kaleidoscope 
are determined by the form and size of the aperture provided in the kaleidoscope. 
The similar products among the industrial products manufactured in a factory are 
generally manufactured in the same assembly line. In such a multiproduct 
manufacturing line, it is necessary to adjust the processing device to the processing 
conditions that are appropriate to the respective kinds of products. Much the same 
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is true on a laser processing device, and there is a case where the form and size of 
laser spots formed on a workpiece by using the laser processing device are optimized 
depending on the respective processing conditions of products. Concerning a 
conventional beam homogenizer using a kaleidoscope, however, when the form or size 
of a laser spot is changed, various versions of kaleidoscopes are required since it is 
necessary to change the kaleidoscopes corresponding to the respective forms of the 
laser spots. Therefore, there is a problem in which a new kaleidoscope 
corresponding to a product that is newly manufactured in the assembly line must be 
prepared. 

[0006] 

In order to solve the above-mentioned technical problems, the object of the 
present invention is to provide a beam homogenizer in which the aspect ratio of a 
rectangular laser spot is easily set without comprising a fixed and rolled structure 
unlik e the kaleidoscope, and a laser processing device equipped with the beam 
homogenizer. 

[0007] 

[Means for Solving the Problem] 

The first aspect of the present invention is a beam homogenizer characterized 
by comprising a fight condensing means that receives a laser beam emitted from a 
laser oscillator and converges the laser beam, a mirror pair whose reflective surfaces 
are facing each other and that receives a fight flux converged by the fight condensing 
means at one end and emits the fight flux from another end, an image -formation 
means that receives the fight flux emitted from the mirror pair and converges the 
fight flux, and a mirror driving system that controls the distance between the 
reflection surfaces of the mirror pair. 

[0008] 

The second aspect of the present invention is a hybrid beam homogenizer 
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characterized in that a plurality of above-described beam homogenizers is 
incorporated on the same optical path. The third aspect of the present invention is a 
beam homogenizer characterized by comprising a first light condensing means that 
receives a laser beam emitted from a laser oscillator and converges the laser beam in 
the first direction, a second light condensing means that receives the laser beam and 
converges in the second direction perpendicular to the first direction, a first mirror 
pair whose reflective surfaces receiving the laser beam converged by the first light 
condensing means are faced each other, a second mirror pair whose reflective surfaces 
receiving the laser beam converged by the second light condensing means are faced 
each other, a first image -formation means that receives light emitted form the first 
mirror pair and focuses an image, a second image-formation means that receives light 
emitted from the second mirror pair and focuses an image, and a mirror driving 
system that controls the distance between the reflective surfaces of the first and 
second mirror pairs, wherein the first and second light condensing means, the first 
and second mirror pairs and the first and second image-formation means are aligned 
on the same optical path. The fourth aspect of the present invention is a laser 
processing device characterized by comprising any one of the aforementioned beam 
homogenizers. 

[0009] 

[Function] 

The beam homogenizer comprising aforementioned structures provides 
functions as follows. According to the first aspect of the present invention, a laser 
beam oscillated form a laser oscillator is emitted in a light condensing means and 
converged toward one end of a mirror pair. The incident light emitted in the mirror 
pair travels along with many repetition of reflection caused by reflective surfaces that 
are faced each other, and emits from another end of the mirror pair. The incident 
light is imaged on a workpiece by an image-formation means, therefore a laser spot 
having uniform optical intensity distribution can be formed. The profile of the laser 
spot can be transformed by changing the distance between the reflective surfaces that 
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constitute the mirror pair. Since a mirror driving system for adjusting the distance 
between the reflective surfaces is provided in the mirror pair, the distance between 
the reflective surfaces of the mirror pair can be changed by the mirror driving system. 

[0010] 

According to the second aspect of the present invention, a plurality of beam 
homogenizers is aligned on an optical axis and a laser beam is irradiated thereto. 
The incident light is uniformized only in the direction opposite to mirror pairs. 
Further, the incident light is formed in the shape according to the position of the 
mirror pairs. Therefore, as compared with the case of using a single mirror pair, the 
laser spot imaged according to the second aspect of the invention has a uniform 
optical intensity distribution in the entire of the laser spot. Since mirror driving 
systems are provided in the respective mirror pairs, it is possible to transform the 
form or size of the laser spot. 

[0011] 

According to the third aspect of the present invention, light emitted form an 
external light source is converged with respect to light receiving portions of first and 
second mirror pairs respectively by first and second light condensing means. The 
reflection of the incident light input from one end of the mirror pair is repeated to 
travel in the inside of the mirror pair, and the optical intensity distribution of the 
incident light is equalized to emit light from another end of the mirror pair. The 
outgoing light is imaged on the workpiece by the first and the second image -formation 
means. The distance between the reflection surfaces of the first and second mirror 
pairs is changed by mirror driving systems that are provided on these mirror pairs. 

[0012] 

According to the fourth aspect of the present invention, a laser beam having a 
uniform optical intensity distribution emitted form a beam homogenizer as set forth 
above is irradiated on a workpiece to process the workpiece. 
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[Embodiment] 

According to a beam homogenizer of the present invention, incident light is 
equalized only in the direction opposite to a mirror pair. A mirror pair is provided in 
the first aspect of the present invention, whereas a plurality of mirror pairs is 
provided in the second aspect of the present invention. In the case where a linear 
beam is generated by an array lens and the like, the optical intensity distribution in 
the longitudinal direction of the linear beam is uniformized. However, the optical 
intensity distribution in the width direction of the linear beam is not uniformized. 
Accordingly, in the case where only a unidirectional intensity distribution may be 
equalized, the first aspect of the invention is used. Meanwhile, there is a case where 
processing is performed using a polygonal laser spot by which image formation is 
carried out. In such a case, profile of beam is determined depending on the position 
of the mirror pair, and at the same time, the cross section in the beam is equalized. 
In this case, the second aspect of the present invention is employed. A beam 
homogenizer providing a rectangular laser spot will be described in this embodiment. 

[0014] 

A constructional example of the device for implementing the present 
invention will be described with reference to a drawing. Fig. 1 shows a simple 
constructional diagram of a beam homogenizer of the third aspect of the invention. 
The beam homogenizer in Fig. 1 is formed as such a manner that a rectangular laser 
beam of 20mm x 10 mm emitted from an excimer laser not shown in the drawings is 
injected. In Fig. 1, the portion from a point X to a point Y indicates the beam 
homogenizer, whereas the portion from the point Y to a point Z signifies a distance 
between the beam homogenizer and the workpiece. In the beam homogenizer of Fig. 
1, a cylindrical lens 1 having an aperture of 45 mm as a first light condensing means 
at the point X (hereinafter referred to as a lens l), a cylindrical lens 2 having an 
aperture of 45 mm as a second light condensing means at the position of 10 mm from 
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the point X (hereinafter referred to as a lens 2), a first mirror pair 3 having a length 
of 100 mm at the position of 60 mm from the lens 2, a second mirror pair 4 having a 
length of 290 mm at the position of 5 mm form the first mirror pair 3, a cylindrical 
lens 5 having an aperture of 110 mm as a second image -formation means at the 
position of 5 mm form the second mirror pair 4 (hereinafter referred to as a lens 5), a 
cylindrical lens 6 having an aperture of 110 mm as a first light condensing means at 
the position of 147.5 mm form the lens 5 are formed in alignment, respectively. The 
distance from the lens 6 to the workpiece is set to 152.5 mm. The lenses 1 and 2 
have a focal length of 70 mm and 165 mm, respectively, and the lenses 5 and 6 are 
disposed at the position where the image formation is carried out at 1.0-fold 
magnification with respect to the workpiece. Although the lens 6 adequately 
functions as a light condensing means with the size of about 200 mm, it is preferred 
that the lens 6 is set to 110 mm that is similar to the lens 5 in view of the balance 
between the lens 5 and lens 6. The first and second mirror pairs are provided with 
first and second driving system 7 and 8, respectively, and they are controlled by 
driving system controlling devices not illustrated in the drawings. The distance 
between the reflective surfaces of mirror pairs is changed in the range of from 2.0 to 
5.0 mm by the driving system controlling devices of this embodiment. For the 
purpose of improving the accuracy of alignment, a driving system consisted of a worm 
gear pair is used. Since the image -formation means is provided so that the 
magnification of image formation becomes an equal magnification to the original size, 
a laser spot having the same size as the distance between the reflective surfaces of 
the mirror pairs can be obtained. 

[0015] 

An amorphous silicon of a liquid crystal displaying element is annealed by a 
laser processing device incorporated with the beam homogenizer according to the 
third aspect of the present invention. In the case where a planar workpiece is 
annealed, it is preferred that the laser spot is uniformly irradiated as much as 
possible. Therefore, there is an annealing method in which annealing is conducted 
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by scanning a rectangular laser spot in the direction of the minor side of the 
rectangular laser spot. In the case where various kinds of products must be 
manufactured on a single production line as mentioned above, the size of the 
rectangular laser spot must be changed depending on the type of components. 
According to the present invention, however, it is possible to only change the beam 
size without changing the entire length of the beam homogenizer and without 
replacing the light condensing means and the image -formation means at this moment. 
As result, by using the laser processing device incorporated with the beam 
homogenizer of the present invention, time for adjusting the device can be extremely 
reduced. Moreover, the processed workpiece having an excellent quality that is 
equivalent to the one processed by a conventional beam homogenizer can be obtained. 

[0016] 

Although the sizes or arrangement positions of lenses are specified in this 
embodiment, the present invention is not limited to these numerical values. Further, 
although the reflective surfaces constituting the first mirror pair 3 and the second 
mirror pair 4 are provided in parallel respectively, they may be provided at angles 
with each other. In case of generating a circular laser spot, a mirror pair composed 
of concave mirrors may be used. Furthermore, although the laser annealing process 
carried out by the laser processing device of the present invention is only described in 
this embodiment, the laser processing device can be utilized for other applications 
such as welding and cutting. 

[0017] 

[Effect of the Invention] 

Abeam homogenizer and a laser processing device of the present invention do 
not comprise a rolled structure unlike the kaleidoscope, therefore deformation or size 
change of a rectangular laser spot can be easily carried out. 

[Brief Description of the Drawings] 
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[Fig. l] Fig. 1 is a schematic structural view showing a embodiment of a beam 
homogenizer of the present invention. 

[Fig. 2] Fig. 2 is a schematic view showing a conventional beam homogenizer. 

[Description of Reference Symbols] 

1* cylindrical lens (first light condensing means) 

2- cylindrical lens (second light condensing means) 

3- first mirror pair 

4- second mirror pair 

5- cylindrical lens (first image -formation means) 

6: cylindrical lens (second image-formation means) 

7- first driving system 

8- second driving system 

9- driving system controlling device 

10- incident lens 
11: kaleidoscope 

12^ image-formation lens 
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